Abstraet--Monoionic K-and NH4-smectites saturated with ethylene glycol form mixed-layer structures which usually consist of three kinds of layers: a 10-~, non-expanded layer; a 14-fk, partly expanded layer; and a 16.8-~, completely expanded layer. In some samples, the 14-~ layers formed 60-700/b of all layers present. When saturated with water vapor the smectites commonly consisted of three kinds of layers (10-, 12.6-, and 15.5-/~). Generally these samples contained fewer expanded layers than those saturated with ethylene glycol. This result is attributed to the smaller dipole moment of water compared with that of ethylene glycol. The greater solvation energy of NH4 + in comparison with that of K + causes the expansion of a part of layers which did not expand in the K forms. This result indicates that there is an inhomogeneous distribution of layer charge in the smectite structure. The prevalent type of mixed layering in the studied samples is that of random distribution of layers.
INTRODUCTION
By saturation of montmorillonites with monovalent ions with low solvation energy, minerals with mixedlayer structure are formed. Layers in these structures differ in thickness, with the thickness of the layers depending on the kind of cations and molecules sorbed in the interlayer space and on the local charge on the layers. If water molecules are sorbed in the interlayer space, the interstratified structure consists of 2-4 kinds of layers which differ from each other in the number of interlayer water molecules. Their mutual ratio depends on the relative humidity of the environment. The interstratified structures are usually analyzed after glycerol or ethylene glycol (EG) treatment because of the greater stability of the interlayer complexes that are formed.
Analyses of mixed-layer minerals are usually made with the aid of curves which show how diffraction peaks migrate as the relative proportions of different layers change . This method is viable only if the number and kind of layers present in the analyzed sample are known. Comparison of calculated and experimental diffraction patterns has similar limitations. The application of these methods led to the assumption that the montmorillonite structures with monovalent cations and with interlayer glycerol or ethylene glycol molecules consist of non-expanded ( I 0-A) layers and expanded (17.6-and/or 16.8-/~) layers (Dyal and Hendricks, 1952; Sawhney, 1969; Reynolds and Hower, 1970) .
Papers reporting the application of Fourier transform analysis show that the structures may be more complicated. Three kinds of layers were identified in montCopyright 9 1981, The Clay Minerals Society morillonites saturated with potassium and solvated with glycerol (Tettenhorst and Johns, 1966; Shutov et al., 1969; Muravyov and Sakharov, 1970) . Also, in EGsaturated montmorillonites three kinds of layers were detected (Tettenhorst and Johns, 1966; Machajdik and (2i~el, 1973) .
Since the existence of three kinds of layers in K-and NH4-treated smectites was confirmed by previous studies, the present work attempted: (1) to characterize the individual kinds of layers found in smectites; (2) to estimate the frequency of occurrence of smectites which, after treatment with K § and/or NH4 § and after subsequent saturation with water vapor or EG vapor, give rise to mixed-layer mineral with three kinds of layers; and (3) to determine which type of mixed layering prevails in twelve smectites from Czechoslovakia, the Soviet Union, the United States, and Bulgaria.
MATERIALS AND METHODS
Twelve samples of smectites in which the average negative charge on the layer varied between 0.63 and 1.27 esu per unit cell were studied. Their localities and unit-cell formulae are listed in Table 1 The K-and NH4-forms of each smectite were pre- Qt = total charge calculated for O2o(OH)4 (esu/unit cell); QVi = octahedral charge (esu/unit cell); QW = tetrahedral charge (esu/unit cell).
1 Novzik and Cieel (1978) . 2 Machajdik and (~irel (1977) . pared by the method described by Horvfith and Novfik (1975) . The Ca-form, saturated with EG, was checked for the absence of mixed layering. The K-and NH 4-forms were analyzed after saturation by water vapor or EG vapor (the latter at 60~ for up to 15 hr until equilibrium between the sample and the vapor had been reached). X-ray powder diffraction (XRD) patterns were taken with Ni-filtered CuKa radiation. For samples with high iron content, CoKc~ radiation was used. The XRD data are listed in Table 2 . The XRD patterns were analyzed by the method of Fourier transforms according to MacEwan (1956) . For calculation of structure factors of samples saturated with water vapor, the montmorillonite coordinates of Cole and Lancucky (1966) were used. For calculation of structure factors of EG-saturated samples the coordinates of Reynolds (1965) were used. An angular factor (O), which represents the combined Lorentz-polarization and geometrical factors, was calculated from the equation, OcuK~ = (1 + cos z 20)/sin 20, where 0 is the Bragg angle, assuming an ideally oriented sample.
The trial and error method was used to evaluate the probability coefficients from the calculated distribution function W(R). To estimate the degree of reliability of calculated probability coefficients, the measure: r = (ho -hc)2/ho 2 was used, where r is the reliability factor, ho is the peak heights found on W(R) calculated from the XRD patterns, hc is the peak heights calculated with the aid of suggested probability coefficients. The best fit between the calculated and proposed probability coefficients is thus indicated by the lowest value of r.
RESULTS AND DISCUSSION

Identified layers
The following layers were found in the structures studied: layer A (dA = 10 A), layer B (dB= 12.6 A), layer C (dc = 14 ,~), layer D (do = 15.5 /~), layer E (dE = 16.8 A), and layer AA (dAa = 20 ~). Layers A, B, and D occurred in water-saturated structures and layers A, C, and E in EG-saturated structures. On the basis of literature data (Kinter and Diamond, 1958; MacEwan, 1961; Reynolds, 1965; Tettenhorst and Johns, 1966; Cole, 1966; Brindley, 1966 ) the above layers can be described in the following way: A = a non-expanded montmorillonite layer with the interlayer K + or NH4 + localized much like the K + in muscovite. B = a montmorillonite layer with one interlayer of H20 molecules. C = a montmorillonite layer with one interlayer of EG molecules. D = a montmorillonite layer with two interlayers of H20 molecules. E = a montmorillonite layer with two interlayers of EG molecules, AA = two adjacent layers of type A, which represent one unit in the structure.
The occurrence of layer A in interstratified structures is well known. Layers B and D exist also in Na-montmorillonites, and layer E is typical for Ca-montmoril- pA, pB, etc. = probability coefficient of frequency of occurrence of layer A, B, etc. in sample. pAA, pBB, etc. = coefficient of probability that layer A succeeds to layer A, layer B succeeds to layer B, etc.
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lonites saturated with EG. Layer AA was found only in two samples of NH4-montmorillonites (specimens 7 and 12). When saturated with potassium, layer AA was absent. Kinter and Diamond (1958) thought that some montmorillonites formed the layer C complex, and in papers on mixed-layer structures of K-montmorillonites, such a layer was identified by Tettenhorst and Johns (1966) . The orientation of the ethylene glycol molecules is not known, but it is probably identical with that of the vermiculite complex with one layer of EG. Here the symmetry plane of the molecule is perpendicular to the basal plane and parallel to the axis of the unit cell (Bradley et al., 1963) .
Layer C is common in the investigated samples. It was identified in nine samples of K-montmorillonites and in six samples of NH4-montmorillonites solvated with EG. In some samples, layer C formed 60-70% of all layers present. This layer usually has not been identified in interstratified structures.
Relations between individual types of layers
The proportion of layers A, B, and D in the interstratified structures containing interlayer water molecules depends on the relative humidity of the environment. Unfortunately the XRD patterns were obtained at a relative humidity between 0.45 and 0.6; consequently only qualitative estimates can be made.
Apart from the sample 7, the proportion of 10-/k layers in K-montmorillonites is greater than in the NH4-montmorillonites. The NH4-smectites show a greater content of B layers which have one layer of interlayer water molecules. Samples 1, 2, 4, 8, and 12 contain as much as 90% B layers, and they nearly lose their character of interstratified structures.
A greater dehydration of the interlayer observed in K-smectites is caused by the lower hydration energy of K § when compared with that of NH4 +. Naturally, with the same charge distribution on the structure of the smectite under consideration, K § causes a greater dehydration of the interlayer (and consequently its collapse to 10 A) than NH4 +.
Structures of monoionic K-and NH4-smectites saturated with EG are more expanded than identical structures saturated with water. This is evidently caused by the fact that the dipole moment of EG (/zEc = 2.28 D) is greater than that of water (/Zw = 1.84 D). Some of the 10-A layers, which did not expand when the interlayer was saturated with water vapor, expanded after the interlayer was saturated with EG. This phenomenon indicates heterogeneity of the charge distribution on the layers of the structure.
Type of interstratification
Interpretation of interstratification in K-and NH4-smectites is limited by the small number of basal reflections obtained with XRD analysis. Coefficients pA, pB, pC, pD, and pE, listed in Table 3 , can be considered as good approximations of the actual proportions of individual kinds of layers in samples since the number of experimental data exceeds that of calculated parameters (twofold to fourfold in EG-saturated samples). This does not apply to parameters pAA, pBB, etc., which are also included in Table 3 . Their values, especially for water-saturated samples, are informative only. Since both groups of coefficients (pA, pB, etc. and pAA, pAB, etc.) are needed for the determination of the type of interstratification, a certain caution is indicated in accepting such conclusions. Further it is necessary to remember that the deviations Api.j of the probability coefficients p~,j from the value which they would have at random mixing of layers indicate a tendency towards a regular arrangement or zonality of the structure only when the product IP~'Pi.Jl ~> 0.05, which is probably the accuracy of the Fourier transform. Determination of the type of interstratification can be demonstrated on sample 6 (K-montmorillonite, EG-saturated). For random interstratification, pA = pAA = pCA = pEA = 0.26. In addition, pC = pAC = pCC = pEC = 0.12, and pE = pAE = pCE = pEE = 0.62. Comparing these values with those in Table 3 one finds that pCE values show the greatest discrepancy between the found and the expected value, 0.25 and 0.62, respectively. If the difference ApCE = 0.25 -0.62 = -0.37 is calculated and inserted into the relation ]Pi'PiJl ~> 0.05, the result I -~176 ~> 0.05, which is not true. For this reason sample 6 is considered to be a randomly interstratified mineral. Hence, there appears to be a prevailing random distribution of layers in the structure, which, in some samples, shows a slight tendency to order. This tendency is especially prevalent in complexes with water. However, it is sometimes difficult to decide whether a sample formed by three kinds of layers represents a zonal or ordered mixed layering. Thus; for example, sample 2, a K-montmorillonite, favors the formation of the layers AD, which further leads to the zonality of layers B (Table 3) . Thus, it is not possible to decide to which class this sample belongs.
